Abstract --The Los Alamos National Laboratory has flown thirteen energetic-particle instruments o n geosynchronous satellites since 1976 and on s e v e n GPS satellites since 1983.
I. INTRODUCTION
Energetic particles in space can induce serious radiation effects in spacecraft. Electrons with energies above about 10 keV can charge the surfaces and change the surface potential.
Relativistic electron!; (energies >1 MeV) can penetrate deq~ into material and create hazardous deep dielectric charging. Discharges from surface charges built up by plasma particles are a well-known source of anomalies on spacecraft. High fluxes of solar energetic particles can create anomalies in electronics and dew& the performance of solar panels and other spacecraft components. A good knowledge of the temporal and spatial variations of these energetic particles is needed to determine the causes of spacecraft anomalies, to design future spacecraft and instruments, and to understand the space environment near the Earth as a function of time and location.
The Los Alamos National Laboratory has had energeticparticle instruments on thirteen spacecraft on geosynchronous satellites since 1970 and on seven satellites of the Global Positioning System i(GPS) since 1983. Data from these and other instruments, such as plasma analyzers, have been sent to Los Alamos for processing and analysis and provide an extensive set of data on the fluxes of energetic particles at these orbits.
Dalabases archiving the data from our instruments on geosynchronous or GPS satellites have been or are being established at Los Alamos and are described here. These continuous records are valuable for long-term studies of energetic particles i n important regions of space near the Earth and often in studying the causes of radiation effects seen 
II. LOS ALAMOS ENERGETICPARTICLE AND PLASMA INSTRUMENTS

A. Geosynchronous Orbit
The first Los lilanios energetic-particle instrument with a large database is the Charged Particle Analyzer (CPA) [1, 2] , which has flown on eight satellites at geosynchronous orbit (6.62 Earth radii, RE) since 1976. CPA instruments on two satellites continue to generate data. The instrument consists of four subassemblies or units based on one or more semiconductor or scintillator detector elements. Each unit was designed for a specific particle (electron or proton) and energy range (low or high). The LoE electron unit has six nested energy levels (six different lower limits but the same upper limit) from 30 to 200 keV with an upper threshold of 300 keV. The HiE electron unit has six nested energy levels from 0.2 to 1.4 MeV with an upper-energy cutoff of 2.0 MeV. The LOP proton unit has ten nested channels with a lowest threshold that varies among the different instruments in orbit between 0.07 to 0.15 MeV and an upper threshold of -0.6 MeV. The HiP unit has 16 differential proton channels above 0.4 MeV to -160 MeV.
In 1989, we began replacement of the CPA as the Los Alamos energetic-particle instrument on geosynchronous satellites with the Synchronous Orbit Particle Analyzer (SOPA). The SOPA instrument consists of three nearlyidentical two-element telescopes with 4 pm-front and 3000 pm-rear silicon solid-state detectors [3] .
The SOPA instruments have nine differential channels for electrons from 50 keV to 1.5 MeV and an integral electron channel above 1.5 MeV. It also has 12 differential channels for protons from 50 keV to 50 MeV and ten channels for particles heavier than protons (alpha particles to strontium). The SOPA instruments also perform dual-parameter pulse-height analysis of the output from the two detector elements. This extends the range of particle species to include ions of any mass that have sufficient energy to pass through the first element and to generate a signal in the back element. Data have been returned from SOPAs on five geosynchronous satellites.
Only the electron and proton data are currently included in OUT databases. [4] . The ESP instrument can measure the spectrum of electrons from 0.7 to 26 MeV and of protons from 11 to >20 MeV.
Instruments to measure the electrons and ions associated with the plasma at geosynchronous orbit have also been on geosynchronous satellites since 1989.
This plasma instrument, the Magnetospheric Plasma Analyzer (MPA) [5] , measures electrons from 70 eV to 44 keV and ions from 90 eV to 43 keV. The MPA can be used to extend the measurements by the CPA or SOPA to lower energies and to study the behavior of the plasma in the vicinity of these spacecraft. The Los Alamos instrument at geosynchronous are summarized in Table 1 along with those on GPS satellites.
B. GPS Satellites
Some satellites of the Global Positioning System (GPS) carry a Burst Detector Dosimeter (BDD). The GPS satellites are in 12-hour circular orbits at 4.1 R E , which takes them into the heart of the trapped electron radiation belt four times per day. Two of the Block I GPS satellites, which were in a 63"-inclined orbit, carried a BDD-I instrument: Navstar-8 (NS08), which returned data from August 1983 until April 1984, and NS10, which returned data from October 1984 until November 1992. The BDD-I [6] consisted of silicon sensors under four domes. Holes in the domes allowed only a small fraction of the incident radiation to get inside the dome, where different filters gave four energy ranges. Electrons channels had lower thresholds of about 0.5, 1.0, 2.0, and 4 MeV.
Proton channels had lower thresholds of about 6, 10, 15, and 15.5 MeV.
On five Block II GPS satellites (in a 55"-inclined orbit), a BDD-11 was or is being flown: NS18 (Feb. 90 -May 94), NS24 (Aug. 91 -present), NS28 (Apr. 92 -Oct. 96), NS33 (Apr. 96 -present), and NS39 (July 93 -present). The BDD-II consists of two sensor assemblies, one under a solid dome and one with 15 holes [7] . The active sensor part has nested pairs of scintillators each viewed by a microchannel plate photomultiplier tube.
The BDD-11 has seven electron channels from 0.2 to >5.9 MeV and four proton channels from 9 to >50 MeV. Three GPS satellites launched from 1998 until about 2000 as part of GPS Block UR will include a new version of the BDD, the BDD-W. Later GPS satellites of Block IIR and then Block IIF will carry a Combined X-ray Dosimeter instrument, which will continue our coverage of energetic particles at GPS orbits to well into the next century.
The BDD data are stored in on-board memory and downlinked once per day during routine contact with the satellite. The ground station formats the BDD data into an EPRO (End PROduct) file that comes to Los Alamos over a network.
III. Los &AMOS ENERGETIC-PARTICLE DATABASES The energetic-particle data since 1979 from the CPA and SOPA instruments on geosynchronous satellites have been incorporated in a publicly-accessible database at Los Alamos. This digital database is stored on-line using a SUN workstation and 31 GB (as of October 1997) of hard disk storage [8, 9] . The workstation is leadbelly.lanl.gov, with the internet node number 128.165.207.108. A single data file is stored for each satellite for each day. This database is on the "World Wide Web" 0 [8, 9] with the "home page" includes the energetic-particle fluxes and supplementary information, such as how to use the database. The plasma data from the MPA instruments for the same period can be accessed from this site. This energetic-particle database is being expanded and is used as part of the International Solar Terrestrial Physics program for studies using many satellites in various orbits and as part of the National Space Weather Program to understand the space environment around the Earth. In addition, the data is supplied to the U.S. Air Force's Space Weather Forecasting Center for their use.
We are in the process of putting real-time displays of the SOPA data on the WWW. This product should be available late in 1997 and will be accessible through our energeticparticle home page on leadbelly.
The energetic-particle data from the BDD instruments on GPS satellites are being compiled into another database. At Los Alamos, the BDD EPROs (End PROducts) are unpacked, converted to counting rates, and written as ASCII files, one file per satellite per GPS-week (a new GPS-week begins at 0O:OO UT each Sunday). Time, geographic coordinates, and a set of geomagnetic coordinates computed from the Tsyganenko-89-model field [ 101 are appended to the energeticparticle data to aid the interpretation of the measurements http://leadbelly. lanl.govnanl_ep_data/lanl_ep. html and from the 4.1-RE, circular GPS orbit. Requests for energeticparticle data from the BDD instruments on GPS satellites should be directed tc) tcayton@lanZ.gov.
Many studies have been and can be done using these databases. There have been over 200 publications using our CPA and SOPA data alone. For example, fluxes of relativistic electrons measured since 1979 showed that their fluxes varied with ;3 cycle of about 10.5 years but out of phase with the sunspot cycle (having higher fluxes near periods of minimum solar activity) [ll]. The large solar particle events in 1989 were studied using data from CPA instruments [ 121. Combining data from geosynchronous orbit with those from other orbits, such as GPS, is helping researchers to understand the dynamics of energetic particles in the Earth's magnetosphere. With these databases coming "on line," others now can use them in their studies of energetic radiations in the Earth's environment.
